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Hadron-nucleon total cross sections have been observed experimentally to de-

i)

crease at low energies and go through a minimum and start riaing at higher energies
In plots of total cross sections as a function of energy the curves for different processes

appear to be very different from one another. But there are striking regularities in the

2)

data * which become apparent when they are plotted somewhat differently,

There is no physical basis for the standard plot shown in Fig. | of Ootal V3"
laboratory momentumn with a logarithmic ecale for p!ab' Why not plot instead the imagi-

nary part of the forward scattering amplitude against center-of-mase momentum? At

b4 20 agal =]
total 'JPlab/?O Against NP . .

Although the same data are plotted in both figures, Fig. 1 shows very different curves

high energies thie is equivalent to the plot in Fig. 2 of ©

for the six different proceeses while Fig. 2 shows eix salightly curved lince which look
very similar to one another. The K+p and K p lines are very nearly parallel and simi-
larly for !‘r+p and " p and Pp and pp. Figure 3 shows the same plots on an expanded scale.
The pp and pp cross sections are multiplied by the scaling factor 2/3 given by the gquark
model, and the scale in Fig. 3b is expanded by subtracting the congtant 23 mb from ail
cross sections.

The real phenomenological motivation for the plote of Fige, 2 and 3 comes from
the two-component descriptions) of total cross seciions as the sum of a Regge component
which decreases roughly Jike sni /2 and a Pormeron component which varies slowly with
energy.

0, %) = res 12 4 gs) ' : (1}
where R is the sirength of the Regge component for the particular procees and f{s) is =

alowly varying function which may be different for dilferent processea. Let vz define

112
B

1/2 2
8 o, (s) = R xE(xT) {2b)
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]

Since pla?: ig proporticnal to s at high egnergies the guantities deflined by Lgs. {2) axe
just the abscissa and ordinate of Fig. 2.
Comparison of Eqs. (i) and (2b) clarifies (he conirast between the complexity of

the plots of Fig. ! described by Eq. {{) and the simplicity of the plota of Fig. 2 descrized
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by Egq. (2b), The right-hand side of Eq. (1) containe two terms. The Regge term de-
creases with energy while the Pomeron is either constant or decreases slowly at low
encrgies and rises at higher energies. The coefficient R of the decreasing Regge term
differs widely between different processes. [t is very large in o(Ppp) which decreases

menotonically up to P = 200 GeV/c, but very small for G(K+p} which begins to rise at

a very low energy. 'I;?:largc differences in the curves of total cross section verasus
energy arise because the Regge term responaible for the most rapid energy variation has
very different values for different processes.

In the representation of the data by Fig. 2 and Eq. {2b) the Regge contribution
appears as a constant, Pairs of curves for particle and antiparticle scattering which
differ only in their Regge contribution appear vertically displaced from one another with
very little change in shape, in contrast to the plote of Fig. | whare differences in the
Regge contribution give curves having very different shapes. The simplicity of the plots

1/2

of Figs. 2 and 3 confirm that &~ gives a very good description of the energy depend-

ence of the Regge contribution., The relative magnitudes of the aplittings agree with
predictions from the conventional Regge description with duality or exchange degeneracy“.
The splitting between the two kaon-nucleon curves ie larger than the pion-nucleon split-
ting and smaller than the nucleon-nucleon splitting.

The manner in which the pion-nucleon curves lie between the kaon-nucieon and
nucleon-nucleon curves is very surprising and is a manifestation of a phenomenclogical

5)

regularity observed in the Pomeron component of the total cross section
P(rp) = (1/2)P(Kp) + {1/3)P(pp) (3}

where P denotes the Pomeron contribution, This is seen in Fig. 3 in which the following
two linear combinations of g{KN} and o{NN)} having the form of the right-hand side of
Eq. (3} are also piotted,

o, = (1/2)0tK ") + (1/2)0(pp) (4a)
o = (/20K py + (173)0(Fp). (4b)

These are seen to have the same qualitative behavior as g(TN) and very different from
O(NN) and 0(KN), while displaced from o{7TN) by constant amountg consistent with their
Regge description,

What are these curves trying to tell us? Flgures 2 and 3 demonstrate the validity
of the two component description (1), But our level of underetanding of the two compo-
nents is very different. The Regge contribution is reasonably well described by a uni-
versal 5-1/2 energy bahavior for all processes and a coefficient R whose relative
values are given by exchange degeneracy and duality. The Pomeron component has an
energy dependence f(8} which is neither underestood nor established, and both itse magni-

tude and energy dependence differ for pions, kaons and nucleons in a manner which is



not understood. The plots of Fig. | are dominated by the well-understood Regge compo-
nent. The plots of Figs, 2 and 3 suppress the Regge component and display the features
of the more interesting and less understood Pomeron. 1f we are interested in what the
data are trying to tell us about the Pomeron, Figs. 2 and 3 are better places to look.
Another way to look for regularities in the Pomeron component ie to plot linear
combinations of the different total cross sections which contain only the Pomeron contribu-
tion. The following combinations are constructed to cancel the contributions from the

leading Regge trajectories under the assumption of exchange degeneracy.

o(#N) = o(Kp) + o(K'p) - ot p) (5a)

MTK) = o(n p} - o(K p) {5b}
3 1

crt(pK) = ZG(K+p) - "gn(pp) (5¢)
i 1

A(MB) = EU(PPJ - 'Z"G(KP) (5d)

The quantity o(¢N), Eq. (5a), is the quark model expression for the ¢-nucleon croes sec-
tion; i. e., the scattering of a strange gquark-antiquark pair on a proton.

Figure 4 shows plots of these four quantities. They all show very simple energy
behavior, and a striking and unexplained equality related to the equality (3) ia observed
between the curves (5a) and (5c) and the curves (5b} and (5d). These suggest that the
Pomeron contains two components, one rising slowly with energy, and the other decreas-
ing slowly. The rising component is seen in g{¢N), the decreasing component is ssen in
A(mK) and accounts for the difference between g(mN) and o{KN). The K+p and pp channels
are both exotic and have no Regge contributions, but g(pp) and U(K+p) have different
energy behavior, as indicated in Fig. 1, The linear combinations (5¢} and (5d) seem to
project cut the same two components found in the meson-baryon cross sectionsa g{gN) and
AlTR).

The quantity A {MB) defined by Eq, (5d) should vanish in the additive quark model
and represents the difference between the scattering of a "baryonic quark” and a
""mesonic quark.'" The quantity A(TK) represents the difference between the scattering of
a nonstrange quark and a strange quark. Why these two differences should be equal, as

indicated by Fig. 4 is a puzzle which remains to ba explained.
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Fig. 1. Total Cross Sections vs. P, ..
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Fig. 4b. A(MB) and cl(pK) vs, P




